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changing values, such as ambient temperature or the expan- 
sion of a span of a bridge. An example of a high-speed, 
low-resolution application is the determination of the precise 
time at which an event takes place, such as the time at which 
ignition occurs in an engine cylinder. 

A user can program the embodiment of FIG. 14 to filter 
out quantization noise that is most prevalent in the upper and 
most ranges of digital amplitude of intermediary digital data 
stream 75. Where intermediary digital data stream 75 is ten 
bits wide, signal analysis device 36 compares the digital 
amplitude of various data points of intermediary digital data 
stream 75 to the four boundaries between five amplitude 
ranges. FIG. 7 illustrates the four boundaries between fifth 
range 61, fourth range 60, first range 55, second range 58 
and third range 59, which are defined by the 10-bit reference 
values seven, fifteen, one thousand seven, and one thousand 
fifteen, respectively. The four 10-bit reference values are 
stored in the four - sets of amplitude reference registers 
85-88. For example, the first reference value, the ten -bit 
value equaling seven, is stored in two of the three 8-bit 
amplitude reference registers 85. 

Where intermediary digital data stream 75 is twenty-four 
bits wide, signal analysis device 36 compares the digital 
amplitude of various data points of intermediary digital data 
stream 75 to four different boundaries between five new 
amplitude ranges. The amplitude ranges wherein non-ran- 
dom quantization noise is most prevalent in intermediary 
digital data stream 75 can be empirically determined through 
testing. In one example, the boundaries of the five noise 
ranges of 24-bit intermediary digital data stream 75 are 
defined by the four 24-bit reference values equaling 131, 
071, 262,143, 16,515,071 and 16,646,143. In the process of 
programming SDADC 28 to operate in a 24-bit mode, 
processor 76 writes these four 24-bil reference values into 
the four sets of amplitude reference registers 85-88. For 35 
example, the fourth reference value, the 24-bit value equal- 
ing 16,646,143, is stored in the three 8-bit amplitude refer- 
ence registers 88. 

After signal analysis device 36 compares the digital 
amplitude of a data point of intermediary digital data stream 40 
75 to the four boundaries between five amplitude ranges, 
signal analysis device 36 supplies two-bit signal analysis 
code 42 to filler control device 37. Signal analysis code 42 
indicates the digital amplitude range of the data point, and 
therefore the likely amount of quantization noise. The 
embodiment of SDADC 28 in FIG. 14 then lowers the 
cut-off frequency of variable low-pass filter 35 in the manner 
described for the previous embodiments when a data point 
of intermediary digital data stream 75 has a digital amplitude 
in a range of high quantization noise. 

Intermediary digital data stream 75 may contain noise 
other than quantization noise. In addition to determining the 
level of quantization noise by sensing digital amplitude, the 
embodiment of FIG. 14 also senses the general noise level 
by calculating the average deviation of a predetermined 
number of data point of intermediary digital data stream 75. 
When SDADC 28, processor 76 and the other circuitry of 
the embodiment of FIG. 14 sense a high general noise level, 
multiplexer groups 93-96 of signal analysis device 36 select 
an alternative set of reference values that expand the ampli- 
tude ranges for which the cut-off frequency of variable 
low-pass filter 35 is lowered. 

Successive data points of intermediary digital data stream 
75 are periodically written into noise detection registers 
80-82. For example, sixteen points of data are written 
starting every 1024'" data point. Processor 76 then reads the 
data points of intermediary digital data stream 75 and 
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calculates the average deviation of the sixteen data points to 
the average value of the sixteen points. When the calculated 
average deviation exceeds a predetermined value, processor 
76 outputs a high-noise select signal. The high-noise select 
signal causes each multiplexer of multiplexer groups 93-96 
to select a bit from noise reference registers 89-92. In one 
example, the boundaries of the five noise ranges for a high 
level of noise of 24- bit intermediary digital data stream 75 
are defined by the four alternative reference values: 262, 143, 
524,287, 16,252,927 and 16,515,071. 

In yet another embodiment of a sigma-delta analog-to- 
digital converter, filter control device 37 receives a high- 
noise select signal from processor 76. This embodiment does 
not contain the four sets of three noise reference registers 
89-92, and none of the amplitude ranges is expanded when 
a high noise level is detected. When the calculated average 
deviation of a predetermined number of data points of 
intermediary digital data stream 75 exceeds a predetermined 
value, the high-noise select signal causes filter control 
device 37 to lower the cut-off frequency of variable low-pass 
filter 35 by an additional predetermined amount for each 
range of digital amplitude. 

Although the present invention has been described in 
connection with certain specific embodiments for instruc- 
tional purposes, the present invention is not limited thereto. 
Modulators having different noise shaping characteristics 
can be used. In some cases, noise is shaped both to higher 
and lower frequencies that the frequency band of interest. In 
such cases, both the filter of the sigma-delta converter 
portion, as well as the filter of the post converter filter 
portion are band-pass filters. In one specific embodiment, for 
example, second frequency response curve 51 resembles the 
transfer function of a band-pass filter rather than a low-pass 
filter. In that embodiment, variable low- pass filter 35 is 
replaced with a variable band-pass filter. The lower tail 
portions of the band-pass filter realized by the variable 
band-pass filter are used to filter out non-random quantiza- 
tion noise that has a frequency lower than the frequency 
band 46 of analog input signal 38. 

In yet another embodiment, variable low-pass filter 35 is 
a finite impulse response (FIR) digital filter rather than an 
infinite impulse response (I1R) digital filter. In yet another 
embodiment, digital low-pass filter 31 includes a decimation 
circuit that reduces the data rate of digitized input signal 38, 
which is output by sigma-delta modulator 30. Although the 
amplitude of the digital data stream is described as repre- 
senting the voltage of an input signal, the amplitude in other 
embodiments can represent the current of an input current 
signal. The post converter filter portion can be controlled to 
vary filter attributes other than the cutoff frequency. For 
example, the post converter filter portion can be controlled 
to change the attenuation in the stop band of the filter. In yet 
another embodiment, variable low-pass filter 35 is switched 
off when the amplitude of the digital data stream is in the 
first range of smaller amplitude corresponding to a smaller 
quantization noise. 

Accordingly, various modifications, adaptations, and 
combinations of various features of the described embodi- 
ments can be practiced without departing from the scope of 
the invention as set forth in the claims. 

What is claimed is: 
1. A circuit comprising: 

a sigma-delta converter portion that outputs a digital data 
stream with a digital amplitude, the digital data stream 
being N bits wide in a first mode and M bits wide in a 
second mode: and 
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a post converter filter portion that receives the digital data 
stream, the post converter filter portion having a cut-off 
frequency that is determined at least in part based on 
the digital amplitude of the digital data stream. 

2. The circuit of claim 1, wherein the digital data stream 
is a series of multi-bit digital values, each multi-bit digital 
value having N bits in the first mode and M bits in the second 
mode, wherein the series of multi-bit digital values has 2 N 
different digital values in the first mode and 2 M different 
digital values in the second mode, and wherein the digital 
amplitude at a given point in time is one of the multi-bit 
digital values. 

3. The circuit of claim 1 7 wherein in the first mode, the 
post converter filter portion has a first cut-off frequency 
when the digital amplitude of the digital data stream is in a 
first amplitude range, and the post converter filter portion 
has a second cut-off frequency when the digital amplitude of 
the digital data stream is in a second amplitude range. 

4. The circuit of claim 3, further comprising: 

a register that stores a reference value corresponding to 20 
the digital amplitude at a boundary between the first 
amplitude range and the second amplitude range. 

5. The circuit of claim 4, further comprising: 

a processor, wherein the register is writable by the pro- 
cessor. 

6. The circuit of claim 3, wherein the sigma-delta con- 
verter portion has a digital low-pass filter having a fixed 
cut- oft* frequency, wherein the first cut-off frequency of the 
post converter filter portion is higher than the fixed cut-off 
frequency, and wherein the second cut-off frequency of the 
post converter filter portion is lower than the fixed cut-off 
frequency. 

7. The circuit of claim 1, wherein the sigma-delta con- 
verter portion comprises a sigma-delta modulator and a 
digital low-pass filter. 

8. The circuit of claim 1, wherein post converter filter 
portion comprises a variable low-pass filter, and wherein the 
variable low-pass filter is an infinite impulse response digital 
filter. 

9. The circuit of claim 1, wherein the circuit is an 
integrated circuit. 

10. The circuit of claim 1, wherein the post converter filter 
portion includes a variable low-pass filter, the variable 
low-pass filter being controlled by a digital filter control 
value, the digital filter control value being determined at 
least in part based on the digital amplitude of the digital data 
stream. 

11. The circuit of claim 1, wherein the digital data stream 
has a noise level, and wherein the cut-off frequency of the 
post converter filter portion is determined at least in pan 
based on the noise level of the digital data stream. 

12. The circuit of claim 11, wherein the noise level of the 
digital data stream is calculated based on an average devia- 
tion of a predetermined number of the multi-bit digital 55 
values of the digital data stream. 

13. The circuit of claim 1, wherein M is larger than N, and 
wherein the cut-off frequency in the first mode when the 
digital amplitude equals A is the same as the cut-off fre- 
quency in the second mode when the digital amplitude has 60 
a value that is greater than A. 
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14. A method, comprising: 

receiving a digital data stream from a sigma-delta con- 
verter portion, the digital data stream having a digital 
amplitude and containing noise; 

setting a cut-off frequency of a variable filter of a post 
converter filter portion based at least in part on the 
digital amplitude of the digital data stream; and 

passing the digital data stream through the variable filter 
such that the post converter filter portion filters out a 
portion of the noise. 

15. The method of claim 14, wherein the digital data 
stream is N bits wide in a first mode and M bits wide in a 
second mode, and wherein the cut-off frequency in the first 
mode when the digital amplitude equals A is the same as the 
cut-off frequency in the second mode when the digital 
amplitude equals A times M divided by N. 

16. The method of claim 15, further comprising: 
programming a value for N and a value for M. 

17. The method of claim 14, wherein the setting the 
cut-off frequency comprises: 

writing a reference value to a register, wherein the refer- 
ence value corresponds to a boundary of an amplitude 
range. 

18. The method of claim 14, wherein the setting the 
cut-off frequency comprises: 

determining the digital amplitude of the digital data 
stream; and 

comparing the digital amplitude to a boundary of an 
amplitude range. 

19. The method of claim 14, wherein the digital data 
stream has a noise level, and wherein the setting the cut-off 
frequency is based at least in part on the noise level of the 
digital data stream. 

20. A sigma-delta analog-to-digital converter, comprising: 
a sigma-delta converter portion that outputs an interme- 
diary digital data stream of multi-bit digital values, 
each of the multi-bit digital values having N bits, the 
intermediary digital data stream having noise; and 

means for receiving the intermediary digital data stream 
and for outputting a digital data stream of multi-bit 
digital values such that the digital data stream has less 
noise than the intermediary digital data stream, wherein 
each of the multi-bit digital values of the digital, data 
stream has N bits, and wherein the means is program- 
mable to receive the intermediary digital data stream in 
a first mode for which N is a first value and in a second 
mode for which N is a second value. 

21. The sigma-delta analog- to-digital converter of claim 
20, wherein each of the intermediary digital data stream and 
the digital data stream has 2 N possible digital values. 

22. The sigma-delta analog- to-digital converter of claim 
20, wherein the means comprises: 

means for analyzing a digital amplitude of the interme- 
diary digital data stream and for outputting a filter 
control value; and 

a variable filter that receives the filter control value from 
the means for analyzing. 

23. The sigma-delta analog- to-digital convener of claim 
20, wherein the means filters the intermediary digital data 
stream with a variable filter. 
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Applicant: Anatoliy V.- fsyrganovich 
Serial No.: 10/821,517 
Filing Date: April 9, 2004 
Docket No.: ZIL-537-1P 

Amendments to the Claims: 

This listing of claims replaces all prior versions and listings of claims in the 
application. 

Listing of Claims 

1 . (currently amended) A circuit comprising: 

a sigma-delta converter portion that outputs a digital data stream with a 
digital amplitude, the digital data stream being N bits wide in a first mode and M 
bits wide in a second mode , wherein the sigma-delta converter portion includes a 
sigma-delta modulator and a filter ; and 

a post converter filter portion that receives the digital data stream, the post 
converter filter portion having a cut-off frequency that is determined at least in 
part based on the digital amplitude of the digital data stream. 

2. (original) The circuit of claim 1 , wherein the digital data stream is a series of 
multi-bit digital values, each multi-bit digital value having N bits in the first mode 
and M bits in the second mode, wherein the series of multi-bit digital values has 
2N different digital values in the first mode and 2M different digital values in the 
second mode, and wherein the digital amplitude at a given point in time is one of 
the multi-bit digital values. 

3. (original) The circuit of claim 1 , wherein in the first mode, the post converter 
filter portion has a first cut-off frequency when the digital amplitude of the digital 
data stream is in a first amplitude range, and the post converter filter portion has 
a second cut-off frequency when the digital amplitude of the digital data stream is 
in a second amplitude range. 
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and a filter" after semicolon (;) at end of line 5 (countino from beainnina of claim 1).. 
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An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1 .312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Jerry Wallace, Reg. No. 53,736, (925)621-2121 on 4/10/2006. 

The application has been amended as follows: 

Claim 1 , Line 5 (counting from beginning of claim 1 ), After semicolon (;) ADD 
"wherein the sigma delta converter portion includes a sigma delta modulation and a 
filter". 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
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1. A circuit comprising: 
a sigma-delta converter portion that outputs a digital data 
stream with a digital amplitude, the digital data stream 
being N bits wide in a first mode and M bits wide in a 
second mode, wherein the sigma-delta converter portion 
includes a sigma-delta modulator and a filter; and 
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